Abstract A mild and efficient Ugi four component condensation reaction was developed among aromatic aldehydes, aromatic amines, isocyanides and 2-cyclopentylidenemalonic acid to prepare a new series of N 
Introduction
The molecules which involved multifunctional groups can be achieved in a multi-step fashion or it can be done in a onepot reaction of three or more starting materials which are well known as the multi component reactions (MCRs). An amide functional group is a common feature in small and complex synthetic or natural molecules. Polyamide compounds are engineering polymers which are applied in several industrial fields such as automotive, packaging and electronic, due to their excellent performance related to high temperature and chemical resistance, toughness, and easy process ability [1] . In addition amides play a crucial role in virtually all biological processes such as enzymatic catalysis, transport/storage (hemoglobin), immune protection (antibodies) and mechanical support (collagen) and comprehensive medicinal chemistry database has revealed that the carboxamide group appears in more than 25% of known drugs. The carboxamides are neutral and stable compounds which contain both hydrogen-bond accepting and donating properties [2] . Recently some chiral amides have been developed as an efficient Lewis basic organocatalysts in asymmetric organic reactions. The molecular structures of these catalysts contain two closely positioned amides of which the two identical diamide units could either function cooperatively or separately and thus endow the resulting tetraamide catalysts with different reactivates and enantioselectivities compared with the diamide catalysts. The tetraamides A and B were introduced as effective Lewis basic catalysts for the asymmetric hydrosilylation of ketimines by Wang et al. [3] .
The general synthetic method for obtaining amide is the substitution reaction between carboxylic acid and amine, which generally requires a high temperature [4, 5] . On the other hand, the formation of carboxamides from carboxylic acids requires to employ the activated derivatives of the carboxylic acid, which can be achieved by conversion of the carboxyl group to a more reactive functional group such as acyl halide, mixed anhydride, acyl azide, active ester or in situ activation by coupling reagents such as N,N-dicyclohexylcarbodiimide (DCC) [6, 7] . There are many reports in the literature which described the preparation of amides and have been known by name of reactions such as Beckmann [8] , Ritter [9, 10] , Schmidt [11] and Ugi reaction [12] [13] [14] . The Ugi reaction has the ability to perform tandem reactions to construct complex heterocyclic scaffolds such as amides, b-lactam antibodies and related compounds [15, 16] , benzodiazepines [17] , tetrazoles [18] , diketopiperazines [19] and a-aminobutyrolactones [20] in a single stage reaction with good yields.
The Ugi strategy offers important advantages over classical stepwise approaches and designs several bonds and construction of complex molecular architectures from simple precursors in a one-pot reaction without any need for isolating intermediates [21] [22] [23] [24] . The most important part of Ugi reaction is carried out through the reaction of an amine, carbonyl compound, carboxylic acid, and isocyanide, which has generated a much interesting product with potential and capacity to generate highly diverse products of biological and medicinal relevance; i.e. heterocycles and compounds with peptide like moieties [25] . In continuing our interest in the synthesis of coumarine-3-carboxamide derivatives by Ugi reaction [26, 27] , now we wish to report a one-pot synthesis of amide derivatives with four functional groups in the Ugi reaction of aromatic aldehydes, aromatic amines, isocyanides and 2-cyclopentylidenemalonic acid under ambient conditions.
Experimental
Melting points were measured on an Electrothermal Engineering Ltd. apparatus and are uncorrected. IR spectra were measured on a Mattson 1000 FT-IR spectrometer. The 1 H and 13 C NMR spectra were recorded in DMSO-d 6 and CDCl 3 as a solvent at 400 and 100 MHz, respectively on a BRUKER DRX-400 AVANCE spectrometer using TMS as an internal standard. Mass spectra were recorded on an Agilent Technologies (HP) 5973 mass spectrometer operating at an ionization potential of 70 eV (EI).
Synthesis of 2-cyclopentylidenemalonic acid as dibasic acid
Cyclopentylidene Meldrum's acid 3 with ten times its weight of concentrated sulfuric acid is stirred for 3 h at room temperature. The reaction mixture is poured over ice, then saturated with sodium chloride, extracted into diethyl ether and dried.
General procedure for compounds 8a-h
A mixture of isocyanide (2 mmol) in 2 ml methanol was added to a stirring solution of an aldehyde (2 mmol), an amine (2 mmol) and 2-cyclopentylidenemalonic acid (1 mmol) in 10 ml methanol and the stirring was continued for an additional 24 h. After the completion of the reaction, as indicated by TLC, the precipitate was filtrated and washed with water/ethanol mixture (2:1). Pure product was obtained. (1), 758 (2), 604 (5), 578 (5), 497 (4), 423 (74), 398 (23), 361 (22), 261 (100), 244 (22), 215 (48), 180 (11), 152 (18), 135 (31), 107 (14), 77 (12), 57 (83), 41 (29).
Results and discussion
Alkylidene Meldrum's acids have been reported to be reasonably good Michael acceptors [28, 29] as well as highly reactive dienophiles in Diels-Alder reactions. In the first step of tetraamide synthesis, cyclopentylidene Meldrum's acid 3 (5-cyclo pentylidene-2,2-dimethyl-1,3-dioxane-4,6-dione) was obtained from the condensation reaction of cyclopentanone 1 with Meldrum's acid. In the second step the Knoevenagel product 3 was stirred with concentrated sulfuric acid for the preparation of dibasic acid 4 at room temperature [30] (Scheme 1).
In the final step, to design a one-pot Ugi-4CR reaction including formation of a-amido carboxamide from the reaction of a carboxylic acid, an isocyanide and an imine, which is normally formed in situ from an aldehyde or ketone and an amine, our group has been involved in the application of this reaction to the synthesis of symmetrical tetraamide by dibasic acid 4 instead of monocarboxylic acid (Scheme 2).
We found that the four component reaction of benzaldehyde, aniline, cyclohexyl isocyanide and dibasic acid 4 in the absence of any catalyst at room temperature in methanol for 24 h afforded N 1 ,N 3 -bis((cyclohexylcarbamoyl)(phenyl)me thyl)-2-cyclopentylidene-N 1 ,N 3 -diphenylmalonamide as a new tetraamide in good to excellent yield. One-pot synthesis of novel tetraamides Next, to expand the structural diversity accessible via the developed approach, reactions with alternative aromatic aldehydes and amines were investigated. It was found that these conditions were compatible with a range of electronwithdrawing and electron-donating substituents ( Table 1) . The conditions were sufficiently mild to be tolerated by a number of functionalities including nitro and methoxy groups. Reaction with 4-nitrobenzaldehyde, 4-chloroaniline, t-butylisocyanide and dibasic acid led to the highest yield (87% yield, Table 1 , entry 8).
The structures of the products were deduced from their IR, Mass, 1 H NMR, and 13 C NMR spectra (see Section 2). The elucidation of the structure of 8 using IR, 1 H and 13 C NMR spectroscopic data is discussed with 8b as an example. The IR Spectrum of 8b exhibited absorption bands due to amide carbonyls and olefin groups at 1672 and 1624 cm According to the commonly accepted Ugi-4CR proposed mechanism, it seems that amine, the carbonyl compound and the acid are in equilibrium with the iminium carboxylate 9 in the reaction medium. The a-addition of the iminium carboxylate onto the carbenoid carbon of the isocyanide leads to the formation of the primary four-component adduct 10, which undergoes an intramolecular acylation known as Mumm rearrangement to give the stable Ugi adduct 8 (Scheme 3).
Conclusions
In conclusion, we have developed a convenient and simple method for the synthesis of novel tetraamides based on Ugi 4C reaction. Simplicity of the synthetic protocol and availability of diverse starting materials make it an attractive strategy for obtaining new pseudopeptides via combinatorial techniques. Investigations of biological activity of these compounds are still in progress. Scheme 3 Proposed mechanism for the synthesis of tetraamide derivatives 8a-h through Ugi-4CR.
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